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UNITED STATES PATENT AND TRADEMARK OFFICE 
(Case No. MBHBOO-1314) 

PATENT 



In the Application of: 

Pieter Pouwels et al 

U.S. National Phase of International 
Application No. PCT/EP99/04416 
Filed: 25 June 1999 



Group Art Unit: Unassigned 
Examiner: Unassigned 



For: Propionibacteruim Vector 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Prior to the examination of the above-identified patent application, please enter the 
following amendments and consider the following remarks. 



TN THE CLAIMS: 

Please amend Claims 6, 8, 10, 11, 12, 16, 17, 20, 21, 23, 25, 27, 28, 31, 32, 33, 34, 36 
and 38 as follows: 

6. (Amended) A polynucleotide according to [any one of the preceding] claim[s] i 
which is capable of selectively hybridizing to one or more sequence(s) in SEQ ID No: 1 which is 
(or are) necessary for autonomous replication in a Propionibacterium, 

8. (Amended) A vector which comprises a polynucleotide according to [any one of the 
preceding] claim[s] i. 

10. (Amended) A vector according to claim 8 [or 9] which additionally comprises a 
selectable marker, 

11. (Amended) A vector according to [any one of] claim[s] 8 [to 10] which is 
autonomously replicating in E. colt 
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12. (Amended) A vector according to [any one of] claim[s] 8 [to 11] which is an 
expression vector. 

16. (Amended) A polypeptide which comprises the sequence SEQ ID No: 2 or 3 or a 
sequence substantially homologous thereto, or a jfragment of either said sequence, or is encoded 
by a polynucleotide as defined in [any of] claim[s]l [to 7]. 

17. (Amended) A host cell comprising a heterogeneous polynucleotide or vector 
according to [any one of] claim[s] 1 [to 15 or which can been transformed or transfected with a 
vector according to any one of claims 13 to 15]. 

20. (Amended) A process for producing a host cell according to [any one of claims 17 to 
19] comprising transforming or transfecting a host cell with a polynucleotide or vector 
according to [any one of] claims 1 [to 15]. 

21. (Amended) A process for the prq)aration of a polypeptide, or other compoxmd, the 
process comprising cultivating or fermenting a host cell as defined in [any one of] claim[s] 17 
[to 19] under conditions that allow expression or production of the polypeptide or compound. 

23. (Amended)A process according to claim 21 [or 22] in which the executed 
polypeptide or produced compound is recovered from the host cell. 

25. (Amended) A process according to [any one of] claim[s] 21 [to 24] where the 
polypeptide is secreted from the host cell. 

27. (Amended) A polypeptide or compoxmd prepared by a process according to [any one 
of] claim[s] 20 [to 26]. 

28. (Amended) A process for the production of vitamin B12 (cobalamin), the process 
comprising culturing a host cell according to [any one of] claim[s] 17 [to 19] xmder conditions 
in which the vitamin is produced and, if necessary, isolating the vitamin. 
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31. (Amended) A host cell according to any one of claims 17 [to 19] for use in a method 
of treating the human or animal body by therapy or for use in an animal feed. 

32. (Amended) Use of a host cell according to [any one of] claim[s] 17 [to 19 or a 
polypeptide or compound according to claim 27] to either make cheese or for use in 
eheesemaking. 

33. (Amended) Use of a host cell according to [any one of] claim[s] 17 [to 19 or a 
polypeptide or compound according to claim 27,] in the manufacture of a foodstuff or in an 
animal feed. 

34. (Amended) A foodstuff comprising a polypeptide of compound according to claim 
27 [or a host cell according to any of claim 17 to 19]. 

36. (Amended) A process for manufacturing cheese or other fermented dairy product, 
the process comprising using a host cell according to [any one of] claim[s] 17 [to 19]. 

38. (Amended) A process according to claim 36 [or 37] wherein the host cell is a 
Propionibacterium cell. 

Please add new claims 39-42 as follows: 

39. A host cell which can been transformed or transfected with a vector according to 
claim 13. 

40 Use of a polypeptide or compound according to claim 27 to either make cheese or for 
use in eheesemaking. 

41. Use of a polypeptide or compound according to claim 27 in the manufacture of a 
foodstuff or in an animal feed. 

42. A foodstuff comprising a host cell according to claim 17. 
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REMARKS 



Applicants respectfully request the Examiner to enter this Preliminary Amendment. 
Claims 6, 8, 10, 11, 12, 16, 17, 20, 21, 23, 25, 27, 28, 31, 32, 33, 34, 36 and 38, have been 
amended to reduce muliple dependancies and more particulary point out the subject matter 
Applicants consider the invention. The new claims meet the requirements of 35 U.S.C. § 
1 12. No new matter has been added by these amendments. Support for the amendments and 
new claims is found in the specification as originally filed. 

With these amendments, the claims pending are 1-42. 

Applicants respectfully solicit allowance of the claims as amended and passage of the 
case to issuance. If in the opinion of the Examiner a telephone conference would expedite the 
prosecution of the subject application, the Examiner is invited to call the undersigned attomey 



at (312) 913-0001 




Curt J. Whitenack, Registration No. 36,054 
One of the Attorneys for Applicant(s) 
McDonnell, Boehnen, Hulbert & Berghoff 
300 South Wacker Drive 
Chicago, Illinois 60606 
(312) 913-0001 (telephone) 
(312)913-0003 (facsimile) 



Date: December 22, 2000 
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WO 99/67355 _^ PCT/EP99/04416 



PRQPIQNIBACTERIUM VECTOR 



This invention relates to an etidogenous plasmid of Propionibacteiinm:, vectors derived 
from it and the iise of these vectors to express (heterologous) proteins in bacteria, 
especially Propionibacteria. In particular transformed bacteria can be used cither to 
S produce, by femxeniarion, vitamin or in cheese making. 

intyodtK^tiioja 

Propiombactetia* ate Grain*posixive bacteria capable of producing vcui 
compounds in a variety of industrial processes* For example, several Propionibacterinm 
species are knovra to produce vitamin B12 (cobalamin) in large scale fermentation 
10 processes. Other species are used in dairy appHcations sucii as cb^ 

where they contribute, and in many eases even arc mainly responsible, for the specific 
flavour and texture of the cheese. Many Propionibacterium species are considered safc Sat 
inclusion, m live organisms^ into food and annual feed. 

To be able to fully exploit the biotechnological potential of Proptonibactcrinm, 
15 efficient and flexible generic engineering techniques are required. Such techniques rely on 
the availability of a suitable plasmid to esqiress a protein from a beterologoua gene in 
Propionibacterium. 

EP-A-040093 1 (Nippon Oil) referst to an endogenous plasmid (pTY-l) ftom 
Propionihacterlwn pentosaceum (ATCC 487S) but does not describe its sequence or 
20 exemplify ho^ it may be used to escpress a heterologous gcnc« 

JP 0S-S6673 refers to the plasmid pTY-1 for producing vitamin Bj^ but does not 
provide any evidence that the plasmid remains as a freely replicating extracbromosomal 
element nor that the plasmid is stable iioside the transformed celb^ 

The inveuQon therefbre seelcs to provide vectors ^t arc more cfGlcient than those in 
23 the prior art, azuicau remain extraohroznosoniai and/or ate In particular llic 

invention aims, to provide an efiScient vector for tbc cloning or eKpression of 
Propionibactsrium or foreign genomic ^agniems or genes imo a (Piopiordbactcxium) host 
strain. This may enable host specific restriction enzymes to be circumvented and thereby 
avoid ih& host treating the plasmid as a foreign poljmucleotide. 
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Summary of the inventioa 

Accordingly, the present invention in a first aspect provides a polynucleotide 
comprising a sequence capable ofhybridising selectively to 
5 (a) SEQ ID NO: 1 or the complement thereof; 

(b) a sequence &om the 3.6 kb plasmid of Fropionibacterium Jrcudenreichii CBS 
101022; 

(c) a sequence tccmx the 3.6 kb plasmid of JPropicmbacterhm Jretidenreichti CBS 
101023; or 

10 (d) a sequence tha^encodes a polypeptide of the invention, such as (at least part of) 

the amino acid sequence of SEQ ID NO: 2 or SEQ ID No: 3, or the coniplcmcnt 
thereof. 

SEQ ID NO: 1 sets out the DNA sequence of the endogenous plasmid of 
Propionihact^rivm LMG 16545 which the inventors have discovered. The jBrst coding 

15 sequence runs from nucleotide 273 to nucleotide 1 1 and the predicted amino acid 

sequence of this coding sequence is shoiro in SEQ ID NO: 2. The second coding sequence 
xws fsom nucleotides USl to 14g3 and the predicted amino add sequezice of this coding 
sequence is shovm in SEQ ID No: 3- 

The inventors screened a large collectian of Propionibactcrium, isolates and identified 

20 two strains both harboring cryptic plasmids wth a size of 3.6 kb. One of the snaxns is 
Propionibactetrittm Jreiidenreichii LMG 16545 which was deposited at Centraalbureau 
voor Sohimmclcultufes (CBS), Oosterstraat 1 , Postbus 273, ^fL-3740 AG Baam. 
Netherlands, in the name of Gist-brocades B,V. of Watoangseweg 1, P,0. Box 1, 2600 MA 
DcUl, The Netherlands, on 19 June 1998 under the temu; of the Budapest Treaty aijd was 

25 given accession number CBS 101022- The other strain is Praptonibacterium 

Jreudenreichii LMG 16546 which was also deposited by the same depositor on 19 June 
1998 under the terms of the Budapest Treaty at CBS and was given accession number CBS 
101023, 

Through full characterization and computer assisted analysis of the nucleotide 
30 sequence of LMG 1 6545 the inventors have been able to idoatif / insertion sites for foreign 
DNA fragments. These sites have allov/ed construction of plasmids that are still capable of 
autonomotjs replication in Propionibacterium. 
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Siuprisingly it was found that an erythromycin resistance gene from The aciinomycete 
Saccharopolyspora eryshraea is efQcientiy expressed in PropionibacteriTim and thus can be 
used as a selection marker for transformed cells. 

Also constructed are bifUnctional vectors, stably maintainable and selectable in both 
5 E.coii and PropionibactenOTi. This allov/s the use of A coli for vector construction, as well 
as functional expression of homologous or heterologous genes in Propionibacterinm. 
Vector construction using £ coli is comparatively easy and can be done quicJdy. 

The polynucleotide of the invention may be autonomously replicating or 
cxcrachromosomal, for example in a bacterium such as a Propionibacterium, 
10 Hence another aspect the invcntian provides a vector which comprises a 

polynxicleotide of the invention. 

The invention also provides a process for the preparation of a polypeptide, the 
process comprising cultivating a host cell transfbnned or tiansfected with a vector of 
the invention under conditions to provide for expression of the polypeptide. 
1 5 The invention additianally provides a polypeptide which comprise^ the sequence 

set our in SEQ ID NO; 2 or 3 or a sequence substantially homologous to that 
sequeace, or a fragment of either sequence, or a protein encoded by a polynucleotide 
of the invention. 

Detailed Description of the Invention 

A polynudeotids of the invention may be capable of hybridising selectively 
with the sequence of SEQ ID NO: 1, or a portion of SEQ ID No: 1, or to ttie 
sequence complementary to that sequence or portion of the sequence. The 
polynucleotide of the invention may be capable of hybridising selectively to the 

25 sequence of the 3.6 kb plasmid otF.Jreudenreichti CBS 101022 or CBS 101023, or 
to a portion of the sequence of cither plasmid* Typically, a polynucleotide of the 
invention is a contiguous sequence of nucleotides which is capable of selectively 
hybridizing to the sequence of SEQ ID. No: 1 or of either 3,6 kb plasmid, or portion 
of any of these sequences, or to the complement of these sequences or portion of any 

30 of these sequences. 

A polynucleotide of the invention and the sequence of SEQ ID NO: 1 , or either 
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of the 3,6 kb plasmids, or a sequence encoding a polypeptide, or a portion of these 
sequences, can hydridize at a level significantly above background. Background 
hybridization may occur, for example, because of other polynucleotides present in 
Ibe preparation. The signal level generated by the interaction between a 
5 polynucleotide of the invention and the sequeiice of SEQ ID NO: 1 or of either 3.6 
kb plasmxd, or portion of these sequences, is typically at least 1 0 fold, preferably at 
least 1 00 fold, as intense i^ interactions: between othea: polynucleotides and the 
coding sequence of SEQ ID NO: 1 or of cither 3.6 kb plasmid, or a sequence 
encoding the polypeptide, or portion of these sequences. The intensity of interaction 

10 may be mcasmed, for example, by radiolabdling the probe, e.g. with ^P. Selective 
hybridisation is rjfpically achieved using conditions of medium stringency (for 
example 0.3M sodium chloride and 0.03M sodium citrate at about 50**C) to high 
stringency (same conditions but at atxnit 60'C). 

Polynucleotides included in the invention can b^ generally at least 70%, 

15 preferably at least SO or 90%, more preferably at least 95%, and optimally at least 

98% homologous (to th© sequences (a) to (d)) over a region of at least 20, preferably 
at least 30, for mstance at least 40, 60 or 100 or more contiguous nucleotides. 

Any combination of the above mentioned degrees of homology and minimum 
sizes may be used to define polynucleotides of the invention, with the mor© stringent 

20 combinations (i.e. bighex homology over longer lengths) being preferred. Thus for 
example a polynucleotide which is at least 80% or 90% homologous over 25, 
preferably over 30 nuclastides forms one embodiment of the invention* as does a 
polynucleotide which is at least 90% or 95% homologous over 40 nucleotides. 

The portions referred to above n:xay be the coding sequences of SEQ ID No: 1 or 

25 of either 3,6 kb plasmid Other preferred portions of SEQ ID No: 1 are the 
replication origin, promoter or regulatory sequences, or sequences capable of 
effecting or assisting autonomotis replication in a host cell, such as a 

Propionibact^rium. 

It has been found that the portion of the plasmid firom the restriction site to 
30 ^/wNI appears to be the region that is required for replication of the plasmid- Other 
parts of the plasmid have been deleted and yet replication does not appear to have 
been adversely affected. Therefore in the invention sequence (b) and (c) can be the 
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region delineated by the restriction sites Sail and AlwNl, This is approximately 1 .7b 
in length. Alternatively, sequences (b) or (c) can be replaced by the sequence 
con-esponding to nucleotides 1 to 1,800, such as 100 to 1,700, suitably 150 to 1,500, 
advantageously 200 to 1,300 and optimally 250 to 1,200 of SEQ. ID. No. 1, 

The proteins (SEQ. lO. Nos, 2 and 3) encoded by ORPl and ORP2 respectively, 
arc thought to both help the plasmid replicate. The plaanid replicates by th© known 
rolling circle replication metibLod where the ongmal ds DNA plasmid is cut by either 
of the proteins which assists production of a copy of the outer strand using the inner 
strand as a template. The copy of the outer ring is removed and the ends joined. The 
host then replicates a new inner ring using the generated outer ring as a template. 

The coding sequences of the invention may be modified by nucleotide 
substitutions, for example j&om 1, 2 or 3 to 10, 25, 50 or 100 substitutions. The 
polynucleotides of sequences (a) to (d) may alternatively or additionally be modified 
by one or more insertions or deletions and/or by an extension at either or both ends. 
Degenerate substitutions may be made and/or substitutions may be made which 
would xestdt in a conservative aniino acid substitution when the modified sequence is 
translated, for example as discussed later with relation to the polypeptides of the 
invOTtion. 

Polynucleotides of the invention may comprise DNA or RNA. They may also be 
polynucleotides which inciude within them synthetic or modified nucleotides. A 
number of dififerent types of modification to polynucleotides are known in the art. 
These include methylphosphonaifi and phosphoroxhloais backbones* addition of 
acridine or polylyatne chains at the 3' and/or 5' ends of the molecule. For the 
purposes of the present invention, it is to be understood that the polynucleotides 
described herein may be modified by any method available in the art. Such 
modifications may be carried out in order to enhance in vivo activity or lifespan. 

Polynucleoftides of the invention m^ be used as a primer, e_g. a PGR 
(polymerase chain reaction) pumcr, a primer for an alternative amplification 
reaction, a probe e.g. labelled with a revealing label by conventional means using 
radioactive or non-radioactive labels, or the polynucleotides may be incorporated or 
cloned into vectors. 

Such primers, probes and other fiagments will be at least 15, preferably at least 
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20j for example at least 25, 30 or 40 nucleotides in length. They will typically be up 
to 40, 50, 60, 70, 100 or 150 nucleotides in length. Probes and fragments can be 
longer than 1 50 nucleotides, for example up to 200, 300, 500, 1,000 or 1,500 
nucleotides in length, or even up to a few nucleotides, such as 5 or 10 nucleotides, 
5 short of any of the sequences (a) to (d). 

Polynucleotides such as a DNA polynucleotide and primers according to the 
invention may be produced recombinantly, synthetically, or by any means available 
to those of skill in the art. They may also be cloned by standard techniques. The 
polynucleotides are typically provided in isolated and/or purified foim. 
10 In general, primers will be produced by synthetic means, involving a step wise 

naanufacture of the desired nucleic acid sequence one nucleotide ai a time. 
Techniques for accomplishing this using automated techniques are readily available 
intheart. 

Longer polynucleotides will generally be produced u^g recombinant means, 
15 for example using PCR. cloiung techniques. This will involve making a pair of 

primers (©-g. of about 15-30 nucleotides) to the region of SEQ ID No: 1 or of either 
3.6 kb plasmid which it is desired to clona bringing the primes into contact with 
DNA obtained from a Propionibacterium, perfonning a polymerase chain reaction 
under conditions which bring about amplification of the desired region, isolating the 
20 amplified fragment (e.g. by purifying the reaction mixture on an agarose gel) and 
recovering the amplified DNA. The primers may be designed to cantain suitable 
restriction enzyme recognition sites so that th« amplified DNA can be cloned into a 
suitable cloning vector- Such techniques may be used to obtain all or part of SEQ 
ID No: 1 or either 3.6 kb plastraid. 
25 The techniques mentioned herein are well known in the an'". 

Polynucleotides which are not 100% homologous to SEQ ID No: 1 or cither 3.6 
kb plasraid but fall within the scope of the invention can be obtained in a number of 
ways. 

Homologous polynticleotides of SEQ ID NO: 1 or of either 3,6 kb plasxnid may 
30 be obtained for example by probing genomic DNA libraries made firom a range of 
Propionibaeteria^ such as PJreud^nreichii^ Pjamenii^ P. thoenii^ P.acidipropionicU 
or other strains of bacteria of the class Actinomycetesy or other gram positive bacteria, 



or those that are.G: C rich. All these organisms axe suitable sources of homologous 
or heterologous genes, promoters, enhancers, or host cells, for use in the invention. 

Such homologues and fragments thereof in general will be capable of 
selectively hybridizing to the coding sequence of SEQ ED NO: 1 or its complement 
5 or of either 3.6 kb plasmid. Such sequences may be obtained by probing genomic 
DNA libraries of the Propionibactcrium with probes comprising ?sil or part of the 
coding sequence SEQ ID NO: 1 or of either 3.6 kb plasmid under coctditions of 
medium to high stringency (for example 0.03M sodixim chloride and 0 JM sodium 
citrate at jfrom about 50*^0 to about 60°C ). 

1 0 Homologues may also be obtained using degenerate PGR which will use piiniera 

designed to target conserved sequences within the homologues. Conserved 
sequences can be predicted Som aligning SEQ ID No; 1 or the sequence of cither 3.6 
kb plasmid with their homologues- The primers will contain one or more degenerate 
positions and will be used at stringency conditions lower than those used for cloning 

1 5 sequences with single sequence primers against known sequences. 

Alternatively, such polynucleotides may be obtained by site directed 
mutagenesis of SEQ ID No: 1 or of either 3.6 kb plasmid or their homologues. This 
may be useflil where for example silent codon changes are required to sequences to 
optimise codon preferences for a particular host cell in which the polynucleotide 

20 sequences are being expressed- Other sequence changes may be desired in order to 
introduce restriction enzyme recognition sites, or to alter ihc property or function of 
the polypeptides encoded by the polynucleotides. 

Methods of measuring polynucleotide homology are well known in the art. For 
example the U WOCG package provides the BESTFIT programme which can be used 

25 to calculate homology, for example used on its defeult setting^. For amino acid 

homology wiih regard to polypeptides of the invenrion which are discussed later, one 
can employ BLAST (Basic Local Alignmrat Search TooP), which produces 
alignments of amino acid sequences (and nucleotide sequences if necessary) to 
determine sequence similarity- BLAST can thus be used to determine exact matches 

30 or to identify homologues, and is particularly useful for those matches which do not 
contain gaps- The BLAST technique uses the algorithm based on the High-scoring 
Segment Pair (HSP). 
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The invention includes double stranded polynucleotides comprising a 
polynucleotide sequence of the invention and its complement. 

Polynucleotides (e-g. probes or primers) of the invention may carry a revealing 
label. Suitable labels include radioisotopes such as ^^P or ^^S, enzyme labels, or other 
5 protein labels such as biotin. Detection techniques for these labels are known per se. 

The polynucleotides Gabcllcd or unlabcllcd) may be used in nucleic acid-based 
tests for detecting or sequencing another polynucleotide of the invention, in a 
sample. 

Polynucleotides of the invention include variants of the sequence of SEQ ID 
10 NO: 1 or of cither 3,6 kb plasmid which are capable of autonomously replicating or 
reinainmg extracbromosomally inahostcsll. Such variants may be SHble in a 
bacterium such as aPropiombacteritan, 

Generally the polynucleotide will comprise the replication origin aad/or coding 
rcgion(s) of SEQ ID No: 1 or of either 3 .6 kb plasmid, or homologues of these 
15 sequences, A polynucleotide of The invention which is stable in a host cell, siach as 
Propiombacterium^ or E. coli is one which ig not lost from the host within five 
generations* such as fifteen generations, preferably thirty generations. Generally 
such a polynucleotide would be inherited by both daughter cells every generation. 
The polynucleotide may comprise a promoter or an origin of replication (eg. 
20 upstream of any sequences encoding a replication protein). 

The polynucleotide of the invention can be transformed or tranafected into a 
bsctoium, such as a Propiardbacteriton^ or E. coli, Bar example by a suitable 
method* ^ It may be pi^smt in a bacterium at a copy number of 5 to 500, such as 10 
to 100, 

25 The polynucleotide may be capable of autonomous replication in a bacterium 

other tlian a Propionibacterium. Such a bacterium may be K coli, or a gram positive 
or G:C rich bacterium or one of the class AcHnomyc&tes. Such a polynucleotide will 
generally comprise sequences which enable the polynucleotide to be autonomously 
replicated in that bacterium. Such sequences can be derived from plasmids which are. 

3 0 able to replicate in that bacterium. 

A polynucleotide of the invention may be one which has been produced by 
replication in a Propionibacterium. Alternatively it may have been produced by 
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replication in another bacterium, such as £ colL The polynucleotide may be able to 
circumvem the host restriction systems ot Froptonibactertum. 

A second aspect of the invention relates to a vector comprising a polynucleotide 
5 of the fii5t aspect. The vector may be capable of repHcacdon in a host cell, such as a 
bacterium, for examples Acnnomycetes^ e.g. Propionibacterium or B. colL The 
vector may be a linear polynucleotide or. more usually, a circular polynucleotide- 
The vector may be a hybrid of tiie polynucleotide of the invention and another 
vector. The other vector may be an E. coli vector, such as pBR322, or a vector of the 
1 0 pUC family, Rl, CoID or RSFl 010 or a vector derived therefrom. 

The polynucleotide or vector of the invention may be a plasmid. Such a plasmid 
may have a restriction map the same as or substantially similar to the restriction 
• maps shown in Figure 1,2a or 2b, 

The polynucleotide or vector may have a size of 1 kb to 20 kb, saich as . from 2 to 
15 10 kb, optimally from 3 to 7 kb. 

The polynucleotide or vector may comprise multiple functional cloning sites. 
Such cloning sites generally comprise the recognition sequ^ices of restriction 
ciissymci's. The polynucleotide or vector m^y comprise the sequence shown in SEQ 
ID No: 1 and/or contains restriction enzyme recognition sites for EcoSl^ SacX 
20 AlwHl. BsniL BsdSi, BcH Apal HindSl. Sail. Hpal, Psit Sphh Banim. Acc65h 
jEcoRV and BglR. The polynucleotide or vector may thus comprise one, more than 
one or all of these Tcstrictiou enzyme sites, generally in the order shown in the 
Figures. 

Preferably, when present in a bacterium* such as a Propionibactcrium or E, coli, 
25 ' the polynucleotide or vector of the invention does not integrate into the chromosome 
of the bacterium. Generally the polynucleotide or vector docs not intcgr^e within 5 
generations, preferably 20 or 30 genegrations. 

The polynucleotide or vector may be an autonomously replicating plasmid that 
can remain extmchromosomal inside a host ceU, which plasmid is derived from an 
30 endogenous Fropionibacterivm plasmid, and when comptising a heterologous gene 
(to the host)is capable of expressing that gene mside the host cell. The term "derived 
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from" means that the autonomously replicating plasmid includes a sequence the same 
as the polynucleotide of the invention. 

The vector of the invention may comprise a selectable marker. The selectable 
marker may be one yiiich confers antibiotic resistance, such as ampicillin, 
5 kanamycin or tetracylin resistance genes. The selectable m^ker may be an 
erj^omycin resistance gene. The ciythromycin resistance gene may be from 
Actinomycetes^ such as Saccharopolyspora erytkrasa^ for example &om 
Saccharopolyspora crythraea NRRL2338. Other selectable markers which may be 
present in the vector include genes conferring resistance to chloramphenicolj 
10 thiostrcpton, viomycin, neomycin, apramycin, hygromycia, bleomycin or 
Streptomycin. 

The vector zxxay be an expression vector, and so may comprise a heterologous 
gene (which does not naturally occur in the host ceil, e.g. Froptonibacteria\ or an 
endogenous or homologous gene of the host cell, e.g. Propiortfbacteria. In the 

15 expression vector The gene to be ejqjressed is usuaUyoperablyU^ 

sequence which is capable of providing for the expression of the gene in a host cell. 

The term "operably linked" refers to a juxtaposition wherein the components 
described are in a relationship pennitting them to ftmction in thdr intende 
A controlled sequence "operably linked'* to a coding sequence is Ugated in such a 

20 way that expression of the coding sequence is achieved under conditions compatible 
with the control sequences. 

The heterologous or endogenous gene may be inserted between nncleotideg 1 
and 200 or between nucleotides 1500 to 3555 of SEQ ID No: 1 or at an equivalent 
position in a homologous polynucleotide. 

25 Such genes may comprise homologous or endogenous genes such as for 

elongation factors, promoters regulatory sequences or elements, and repUcarion 
proteins. Other genes (which may be heterologous to the host) inolude tihose 
encoding for or assisting in the production of nutritional fectors, immunomodulaiors, 
hormones, proteins and enzymes (e.g. proteases, amyJases, peptidases, lipases), 

30 texturing agents, flavouring substances (e.g. diacetyl, acetone), gene clusters, 

antimicrobial agents (e.g. nisin), substances for use in foodstuffs (e.g, in sausages, 
cheese) metabolic enzymes, vitamins (e.g. Bja), uroporphyrinogen (III) 
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methyltransferase (UP HI MT), cobA^ antigens and (e.g. for vaccines) therapeutic 
agents. As will be seen, the hosts can produce a \yide variety of substances^ not just 
polypeptides, which may be either the desired product or may be used to produce the 
desired product 

5 The heterologous gene may have a therapeutic effect on a human or animal. 

Such a gene may comprise an antigen, for example &om a pathogenic organism* The 
host, such as Propiortibacterium^ comprising a polynucleotide v/jth such a 
heterologous geaae may be used as or in a vaccine, and may provide protection 
againjgt the pathogens. 
1 0 The heterologous antigen may be a complete protein or a part of a protein 

containing an epitope. The antigen may be j&oro a bacterium, a virus, a yeast or a 
fungus, 

Hogt cells and expresaion 

ITie host cell forms the third aspect of the invention and comprises a 
1 5 polynucleotide or vector of the first or second aspect The host cell may be a 
bacterium e.g. of the class Actinomycetes, The bacterium may be a 
Propionibacteriym or £ colL The Propionibacterium may be P. freudenreichiU 
P, jensenii^ P. thacnii or P. aczdipropionici. 

In a fourth aspect the invention provides a process for produxnng a host cell of 
20 the third aspect^ the process comprising transforming or ttansfecting a host cell 'with 
a polynucleotide or vector of the first or second aspect, e.g, with known 
transformation techniques**. 

In a fifth aspect the invention provides a process for The preparation of a 
polypeptide encoded by the polynucleotide or vector of invention present in host cell 
25 of the invention comprising placing or culxuiing the host cell in conditions where 
expression of the polypeptide occurs. 

This aspect of the invention thus provides a process for the prepaxaiion of a 
polypeptide encoded by a given gene, which process comprises cultivating a host cell 
trsmsformcd or transfccted with an expression vector comprising the gene, under 
30 conditions to provide for an expression of the said polypeptide, and optionally 
recovering the expressed polypeptide. The host ceil may be of the class 



wo 99>67356 

PCT/EP99/04416 

-12- 

ActinomyceteSy or a Erain positive baaeria such as Proptonibacterivm or £1 colu 

Promotexs, translation initiatois, translation terminators, elongation factor genes, 
ribosomal RKA, antibiotic resistance genes, synthetic promoters (e*g. designed on 
consensus sequences) to other expression regulation signals present in the 
polynucleotide or vector can be those which are compatible with expression in the 
host ceH. Such promoters include the promoters of the endogenous genes of the host 
cell. 

Cultuiing conditions be aerobic or anaerobic conditions, depending on the 
host. For a fermentation process the host cell would be placed in anaerobic, and then 
possibly aerobic, conditiojos. The compound produced, such as an expressed 
polypeptide, may then be recovered, eg, from the host cell or fennentaiion medium. 
The expressed polypeptide may be secreted firom the host cell. Alternatively the 
polypeptide may not be secreted from the host cell. In such a case the polypeptide 
may be cTcpxcsscd on the surface of the host ceil. This may be desirable, for example, 
if the polypeptide comprises an antigen to which an immune response is desired in 
human or animal. 

A homologous gene that may be present in the vector of the invention may be 
cobK, A host cell comprising this vector may therefore be capable of producing a 
compound saxch as viiamijx Bjj, from a substrate or the compound may be the product 
of an enzyme. Thsi invention specifically provides a process for the preparation of 
vitamin B12 comprising cultivating or fennentiiig such a host cell under conditions in 
which the UP(Iir) MT gene is expressed. The expressed enzyme can be contacted 
with a suitable substrate under conditions in which the substrate is converted to 
vitanwnBxz- This may result in increased production of vitamin 

Therapeut^s 

As described above the polynucleotide of the invention may comprise a 
heterologous gene which is a therapeutic gene, Tbus the mvention includes a host 
cell comprising a veaor of the invention which comprises a therapeutic gene for use 
in a method of treatment of the human or animal body by therapy. Such a host cell 
may be Propionibacterium. The host cell may be alive or dead. 

The host cell can be formuteted for clinical administration by mixing them with 
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a phaimaceutically acceptable canicr or diluenL For example they can be formulated 
for topical, parenieral, intravenous, intramuscular, subcutaneous, oral or transdeimal 
administration. The host cell may be mixed with any vehicle which is 
phaimaceutically acceptable and appropriate for the desired route of administration. 
The phaimaceuticaHy acceptable cairicr or diluent for injection may be, for example, 
a sterile or isotonic solution such as Water for injection or physiological saline. 

The dose of the host cells may be adjusted according to various parameters, 
especially according to the lype of the host cells used, the age, weight and condition 
of the patient to be treated; the mode of administration used; the condition to be 
treated; and the required clinical regimen. As a guide, the number of host cells 
administered, for example by oral administration, is j6om 10^ to 10^' host cells per 
dose for a 70 kg adult human. 

The routes of administration and dosages described arc intended only as a guide 
since a skilled practitioner will be able to deieimine readily the optimum route of 
administration and dosage of any particular patient and condition. 

Polypeptides 

A sixth aspect of the invention provides a polypeptide of the invention 
comprising one of the amino acid sequences set out in SEQ ID NO: 2 or 3 or a 
substantially homologous sequence, or of a fcagment of cither of these sequences. 
The polypeptide may be one encoded by a polynucleotide of the first aspect In 
general, the naturally occuixing amino acid sequences shown in SEQ ID NO: 2 or 3 
are preferred. However, the polypeptides of the invendon include homologues of the 
natural sequences, and ftagments of the natural sequences and their homologues, 
which have the activity of the naturally occurring polypeptides. One such activity 
may be to effect the repUcation of the polynucleotide of the invention. In particular, 
a polypeptide of the invention may comprise: 

(a) the protein of SEQ ID No: 2 or 3 ; or 

(b) a homologue thereof ^mActinaniycetcs, such as Fropionibacttritim 
freudenreichii or oihsr Fropionibacteritm strains; or 

(c) a protein at least 70% homologous to (a) or (b)- 

A homologue may occur nanirally in a Propionibacterium and may fimction in a 
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substantially similar maamear to a polypeptide of SEQ ID NO: 2 or 3 . Such a 
homologuc may occxxr in AcsinoTnycetes OT gram positive bacteria, 

A protein at leasrt 70% homologoxis to tbe proteins of SEQ ID NO: 2 or 3 or a 
homologue thereof will be preferably ^ least 80 or 90% and more preferably at Icasx 
95%, 97% or 99% homologous thereto over a region of at least 20. preferably at least 
30, for instance at least 40, 60 or 100 or more contiguous auiino acids. Methods of 
measurmg protein homology are well known in the art and it will be understood by 
those of skill in the art that in the present context, homology is: calculated on the 
biwis of amino acid ideniity (sonaetimes referred to as "hard homology")- 

The sequences of the proteins of SEQ ID NO; 2 and 3 and of homolagues can 
thus be modified to provide other polypeptides witbin the mvention. 

Amino acid substitutions may be made, for example from 1, 2 or 3 to 10, 20 or 
30 substitutions. The modified polypeptide generally retains its natural activity. 
Conservative substitutions may be nxadc, for example according to the following 
Table* Amino acids in the same block in the second column and preferably in the 
same line in the third column may be substituted for each other 
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Polypeptides cf the invention also include fh^mcnts of the above-mentioned 
full length polypeptides and variants thereof^ including firagn:ients of the sequences 
set out in SEQ ID NO: 2 or 3. Such firagments can retain the natural activiiy of the 
full-length polypeptide. 

Suitable fiagments will be at least about 5, e,g. 10, 12, 15 or 20 amino acids in 
size- Polypeptide fragments of SEQ ED No: 2 and 3 and homologues thereof may 
contain one or more (e.g. 2, 3, 5, or 10) substitutions, deletions or insertions, 
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including conscrvned substitutions. 

Polypeptides ofihe invention may be in a substantially isolated fo^^ A 
polypeptide of the invention may also be in a substantially purified form, in which 
case it will generally comprise the polypeptide in a preparation in which more than 
90%, e.g. 95%, 98% or 99% of the polypeptide in the preparation is a polypeptide of 
the inventlon- 

A polypeptide of the invention may be labelled with a revealing label. The 
revealing label may be any suitable label which allows the polypeptide to be 
detected. Suitable labels include radioisotopes, e,g, '^sj^ 355^ enzymes, antibodies, 
polynucleotides and linkers such ajs biotin. 

?l3i4^^,tual A pplicatipn g 

As will be apparent from the discussion, the host cells of the third aspect can be 
used 10 produce not only the xccombinam proteins, but also other compounds of 
interest, including non-proteins such as inorganic chemicals, m particular vitamins. 
A seventh aspect of the present invention therefore relates to a process for the 
production of a compound, the process comprising culturing or fermenting host cells 
of the third aspect under conditions whereby the desired Compound is produced. 
Although this compound may be a polypeptide, for example a polypeptide of the 
sixth aspect, it may also be one of the compounds mentioned in the previous 
discussion concerning genes to be eapresaed. Clearly inorganic compounds will not 
be expressed by a gene, but they may be produced by an enzyme, or the polypeptide 
or enzyme may assist tiie host cell in the production of the desired compound. These 
compounds may be produced inside the cell, and later isolated, for example 
following lysis of the host cell, or they may pass through the waU of the host cell into 
a surrounding medium, which may be a fermentation medium^ fer example an 
aqueous solution. In this way, the host cells can be cultured in an aqueous medium 
that comprises cells and nutrients for the ceUs, for example assimilable sources of 
carbon and/or nitrogen. 

TTie polypeptides so produced may have therapeutic uses- They may be drugs or 
other pharmacologically active compounds, or may be antigenic or immunogenic, in 
which case they may find use in vaccines. 
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The invention additionally encompasses compounds produced by this process, 
whether or not it is a rccambinant polypeptide. Compounds specifically 
contemplated are vitamins, such as vitamin (cobalomin). 

In some cases the compotmd need not be isolated either jfrom the fennentation 
3 meclium or from the host cells- The host cells may themselves be used in parricular 
applications, for example in, or in the manufactDring of, foodsmfEs such as sausages, 
or in cheese maJdngo or the host cells may for eicample be included in an anitoal feed, 
such as when the host cells contain a compound to be ingested by the ammal in 
question. The invention therefore extends to the use of these cojupounds or flie host 
10 cells, in the production of fbodstaffs such as cheeses and sans^es. The invention 
also contemplates foodsmfis or animal feed comprising host cells or a compound 
produced by the invention. 

In a particularly prefeired embodiment of the present invention the host cells can 
be used in a cheese making process, and so the invention additionally includes a 
15 process for manufacturing cheese where the microorganisms employed are host cells 
of the invention- The host cells may be used instead of or in addition to, other 
bacteria, such as lactic acid baaeria. Propionic acid bacteria are currently used in 
cheese maidng processes, for example with mesophilic cultures (Maasdam type of 
cheese) as well as thermophilic cultures (Emmental). Both naesophiJiic and 
20 thermophilic organisms can be responsible for the acidification of the milk or cheese- 
In this way the host cells of the invention can be not only used for cheese but also for 
the production of other fCTnemed dairy products (e,g, yoghurts). Propionic add 
bacterium are employed in cheese making because of their ability to convert lactate 
and carbohydrates to propionic acid, acetic acid and carbon dioxide. The host cells 
25 of the invention, especially if they are propionibactcria, can be employed because 
they can be less sensitive to nitrsxes and salt^ which may allow the reductian or 
omission of bactofugation of the milk (usually employed to reduce the levels of 
Clostridia), 

The fermentation of the host cells may have one or two phases or stages. These 
30 may be for example a growth and/or production phase, or anaerobic and/or aerobic 
phase. Preferably^ there will be a growth and/or anaerobic phase, and suitably also 
(e,g, afterwards) a production and/or aerobic phase. 
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Both The carbon suad/or nitrogen sources may be complex sources or individual 
compotinda. For carb<m, it is prcrfcncd thjtt this is gliic^ For mtroeen, appropriate 
sources include yeast extract or ammonia or azrunotdum ions. 

Preferred features and chaxactcristics of one aspea of the iJttventioii are suitable 
5 for anotiier aspect mutatis mutandis. 

Figures 

Tke invention is illustrated by the accompacaying drawings in Which: 
Figure 1 is a restriction map of a vector within the invention, p545 obtained 

jfrom P, fraudertrsickij LMG 1 6545 (CBS 1 01 022); and 
1 0 Figures 2a and 2b each contain two maps of two vectors, all four vectors being 

within the invention- 

The invention will now be described, by way of example, by reference to the 

following Examples, which are not to be construed as being limiting. 
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EXAMPLE 1 

Screening o£ Pro ninnthacAPTiipn strs^^pa 

A collection of 75 nonpathogenic strmns of Propiombacterium was screened for 
5 the presence of indigenous plasmids- The majority of strains were obtjuned from the 
BCCM/LMG culture collection (Ghent, Belgium), although some strains were 
obtained from ATCC (Rockville, Md., USA) or from DSM (Braunschweig, 
Germany). Screening was performed using a small scale plasraid isolation procedure. 
First bacteria were cultivated anaerobically in MKS medium'* for 48 his at 30°C* 

1 0 Plasmids were then purified from the bacteria using a plasmid DNA isolation 

procedure originally developed faxK coif with some modifications; cells from a 5 
ml cuimre were washed in a 25% sucrose, 50 mM Tris-HCl pH8 solution, 
resuspended in 250^il TENS (25% sucrose + 5QmM NaQ + SO mM Tris-HCl + SmM 
EDTA pHS), containing IQmg/ml lysozyme (Boehringcr Manahdm), and incubated 

15 at 37°C for 20-30 minutes. The bacterial cells were then lysed in 500|J of 0J2 N 
NaOH/1% SDS (2-5 minute incubation on ice). After addition of 400^1 3M NaAc 
pH4.8 (5 mtnixtes on ice) and subsequent cTctxacnon ^th phenoi/cfalorofoxm, the 
DNA Was precipitated by addition of isopropanoL 

The DNA was analysed by electrophoresis on 1% agarose gels, and visualised 

20 by cthidium bromide. Whereas most strains were negative, Le* did not reveal the 
presence of indigenous plasmids in this analysis, the majority of strains that proved 
positive contained large (^20 kb) plasmids. Smaller plasmids were observed in 6 
strains. Of these, Fjensenii LMG16453, P. acidipropionici ATCC4875. P. 
acidipropianici LMGl 6447 and a nonspecified Fropionibacteriifm strain 

25 (LMO16550) contained a plasmid in the size range of 6-10 kb. Twj strains (P. 

jr&ndAnr&ickii LMGl 6545 and P. freudenreichiS LMGl 6546) showed an identieal 
plasmid profile of 2 plasmids- One plasmid was large (size not dctcnnincd) and the 
other was smaller, more abundantly present and had a si» of 3.6 kb. These 3.6 kb 
plasmids from LMGl 6545 and LMGl 6546 were chosen for further analysis. 
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Analysis of an ii>digenoxis plaamid fr o m sirains LMG1654 5 and LMG16546 

The 3,6 kb plasmids were isolated from both strains and further purified by 
CsCI-ethidium bromids density gradient ultracentnfugation^*. Limited restriction 
5 maps were jnade of both preparatiions and these mrncd out to be identical ' Tbs 

restriction map of the 3 .6 kb plasmid is shoAVn in Fig . I . Restriction enzymes and T4 
ligasc were obtained from New England Biolabs or GIBCO BRL. 

The 3.S kb plasmid from strain LMG16545 (from here on referred to as p545) 
was radioactivcly labeilcd and used in Southern blot hybridization experiments. 

1 0 Hybridisation conditions were 0,2 x SSC, 65**C. It reacted equally well with both 

LMG 1 6545 and LMG 1 6546 plasmid DNA extracts, supporting the close relationship 
ofthese strains, whereas a plasmid DNA extract buvxP.actdipropionici 
ATCC4875, that harbors a 6.6 kb plasmid called pTY 1 or pRGOl ' felled to react 
The DNA sequence of plasmid p545 was detennined with fluorescent dye 

1 5 labelled dideoxyribonuclcotidcs in an Applied Biosystems 373 A automalio 

scqTicncer, and is included as SEQ ID No: 1 in the sequence listing. Sequence 
analysis was perfoimed on plasmid DNA that had been linearized with JS^ 
inserted into £coRI digested pBluescript SKII+ DNA (Stratagcne, La JoUa, Ca-, 
USA). Computer assisted analysis of the sequence thus obtained usiotg BLAST 

20 search^ revealed homologies to proteins involved in r^lication of plasmids jtorn 
several QC-rich organisms (e-g-, pALSOOO encoded repA and repB firom 
Mycobacterium fortuitum^^"^ show 28-30% Identity and 34-38% similarity with tbe 
rcspeciivc putative replication proteins fiom plasmid p543; pXZ10142 from 
Corynebactermm glutamicum [PIR Accession Number S327Q1] is anotiicr example 

25 ofplamdds encoding replication proteins homologous to the p543pii^^ 

replication proteins). The lesults of the database comparisons with homologous 
sequences are detailed in Fvmiples 7 and 8. 
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Construction of E, coWPromombactsrhm shuale Vectors 

£. celt plasmid pBR322 was digested with EcoBl and ^vcl and the smaller 
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firagment thus generated (measuring L4 kb and encompassing the tctracyclia 
resistance conferring gene) was replaced by a synthetic duplex DNA. The synthetic 
duplex DNA was designed so as to link EcoKL and Aval ends and to supply a 
number of unique restriction cn?yine recognition Sites: 



5 5'- 

AATTCAAGCTTGTCGACGTTAACCTGCAGGCATGCGGATCCGGTACCGAT 

ATCAGATCT - 3' (SEQ. ID, NO. 4) 

3'- 

GTTCGA/iLCAGCTGCAATTGGACGTCCGTACGCCTAGGCCATGGCTATAGT 
10 CTAGAAGCC - 5* (SEQ.ID.NO. 5) 

The following restriction cnzynxe recognition sites were supplied in this way: 
EcoKL (restored), HmdUX, SaE, Hpal, Pstl, Sphl, BaniSL, Acc65l EcoKV^ BgHI 
(Avcd is not restored). 

This synthetic DNA was ligated to the large fiagment and the ligation xmxture 

1 5 trazisfetred back to R coli (T4 ligasc was used)- A plasniid of the expected 

composition was obtained (pBR322AI), The multiple cloning site can be used to 
introduce a selection marker as well as plasmid p545 DNA. 

As an example the COBLStniction of an£ colil Propionibacterizim shuttle plasmid 
conferring resistance to erythromycin was performed as will now be described* 

20 A 1.7 kb A€C651 ftagment from the Saecharopotyspora erythraea NREL2338 

erythromyciQ biosynthesis chistct and containing the erythromycin resistance 
confemng gene*" was inserted into Acc65l linearised pBR322AI. Then the newly 
derived consimci, named pBRES, was lineariaed with JScoRV ligated to p545 
DNA that had been digested with BsaBl. Real! transformants were found to harbor a 

25 vector with the conect insen, in both orientations.The resulting plaaniid vectors were 
named pBRESP36Bl and pBRESP36B2 (Figs. 2a and 2b)- 

Plasmid vector constructs were also obtained with p545 DNA linearized in an 
other restriction site situated outside the putative replication region, namely ^/wNI. 
For this construction the pBRES Vector had to be provided with a suitable cloning 

30 site. An adaptor was desired consisting of two complementary oligonucleotides of 
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the following composition (SEQ. ID- Nos 6 and 7): 
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5^ GTACCGGCCGCTGCGGCCAAGCTT 3' 
5' GATCAAGCTTGGCCGCAGCGGCCG 3' 

Annealing of these oligo's created a double stranded DNA fragment vn1ixAcc65l 
and BgHI cohesive ends respectively, which moreover contains an internal S/il 
restriction site, that provides ends compatible to thtAlwM digested pS45 plasmid. 
This adaptor was cloned in pBRES between the BglUmd the proximal 7lcc65I site. 
The pBRES-Sfi vector thus obtained was subsequently digested by ,§^1 and ligatcd to 
AlwNl digested p545, Transfonnatica of E.coli yielded tiausfonnants with the 
correct vector as confinacd by restriction enzyme aasalysis. The vector obtained W£i3 
named pBRESP36A (Fig.2). 

Transfomiation of Promambacterfim withE. coli/ Pronionibacterium shvitiie^ 

Transformatioii of Propionibact&riimfreudenretcM strain ATCC6207 with 
pBRESPStJBl will be described. 

The bacterial cells are cultivated in SLB (sodium lactate broth" at 30*^0 to a 
stationary growth phase, and subsequently diluted 1:50 in fresh SLB. Adfter 
incubation at 3QX for around 20.hour5, cells (now in the exponential growth phase) 
were harvested and washed extensively in cold 0,5M sucrose. Subsequently cells 
were washed once in the electroporation buffer, consistiag of 0l5M sucrose, buffered 
by I mM potassiumacccatc, pHS.S-, and jBbaally resuspended in this electroporation 
fauSer in about 1/100 of the original culture volume. Cells were kept on ice during 
the whole procedure. 

For the electroporatiou (apparatus from BIORAD), 80 - 100 pi of cell 
suspension was mixed with ±1 jig of DNA (or smaller amounts), in a cooled 1 or 2 
mm clcctroporation cuvette, and an electric pulse delivered. Optimai pulse conditions 
were found to be 25kV/cm at 200 Cl resistance and 25|aF capadtancc- However, 
lovrcr aud higher voltages (also ax 1 OOH) also yield transfbrmants. 
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Ixumediateiy after the pulse, 900 (xl cold SLB coiitajbnfcg 0.5 M sucrose was 
added to the pulsed cell suspension and these are subsequently incubated for 2.1 to 3 
hours at 30'C before plating appropriate dilutions on SLB/agar plates containing 0.5 
M sucrose and 1 Opg/ml erythromycm. After a 5 to 7 day incubation period at SC^C 
5 under anaerobic conditionsj trstnsformants vvcrc detected. 

DNA isolated from E. coli DH5a (Promega) yielded a tranflfoimation cfScicncy 
of 20 - 30 transfonnants per jig DNA, A 10-100 fold higher efficiency is achieved 
when DNA is isolated from £ coli JMl 10 (dam', dcm* strain), K coli transfonnation 
was done according to BIOKAD Lnstmctiona. 
1 0 Transfonnants contained the authenuc vectors, indistinguishable from the 

original plasmid DNA used for transformation of ATCC6207, This was shown by 
restriction eruzyrae analysis of plasmid DNA isolated :6:0m the tians&rcaants by the 
small scale plasmid DNA isolation procedure refered to before. 

Vectors were exclusively present as autonomously replicating plasmids- 
1 5 Southern blot hybridization'^ with total DNA isolates showed that chromosomal 
DNA did not hybridise to the vector DNA used as a probe, indica:Ung that no 
chroxaoaomal integration of piasnrfd DNA occured. 

Transfomvation was also swcessful with vectors pBRESP36B2 and 
pBRESP3 6 A, indicating that functionality of the vector was independent of the 
20 orientation of p345 or the cloning site used. Also in this case the authendcity of the 
vectors was confirmed 

Moreover, transformation of P. freudeiireichii strain ATCC6207 with DNA 
isolated from a Pro/?M7/iii«c/cni^OTtian5fonnaniresul in a 10^- 10*^ fold increased 
transfoiroation efficiency as compared to that obtained vrtth DNA isolated from 5^ 
25 coli DB5a. 

Transformation of another PJreudenre'tchn strain, LMGI 6545 (the same strain 
from which the p545 plasmid was obtained), resulted in a transfonnation efficiency 
comparable to that of the ATCC strain. 

The results of the transfonnations, and the effect on vitamin B,2 production, is 
3 0 shown in the following Tabic. 
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Eight out of 10 transfonnauts gave up to a 50% higher vitamin B12 content than 
the control strain. 



■strain ID 


Transfbimcd plsismid 


Vitamin B,j 
(mg/g dry matter) 


GOBI 


pBRES36COB 


0.57 


COB2 


pBR£S36COB 


0.67 


COBS 


PBRES36COB 


0.83 


COB4 


PBRES36COB 


0.68 


COBS 


pBRES36COB 


0.69 


COB6 


pBRES36COB 


0.61 


COB7 


PBRES36COB 


0.53 


COBS 


pBRES36COB 


0,64 , 


C0B9 


pBRES36COB 


0.50 


COBIO 


pBIl£S36COB 


0.74 


recATCC6207 


pBRESP3€B2 


0.54 



Construction of plasmid vector containing the cobK ggne 

The construction and application of a plasmid vector to increase the level of 
20 vitainin Bjj (cobalamin) synthesis in P. JreiidBnreichii strain ATCC6207 will be 
dcscrihedL 

The promoter region of the gene confeiring erythromycin resistance in 
Saccharopolyspora erythraee^ was generated by PCR using the following primers 
(SEQ.ID.NOsSandP): 



25 forward primer: (5' - 3") 

AAACTGCAGCTGCTGGCTTGCGCCCGATGCTAOTC 
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reverse primer: (5' - 3') 

AAACTGCAGCAGCTGGGCAGGCCGCTGGACGGCCTGCCCTCGAGCrCGT 
CTAGAATGTGCTGCCGATCCTGGTTGC 



The PGR fragment thus generated contained ajxAiwM site ar the 5' md folio-wed 
5 by the authentic promoter region and the first 1 9 amino acids of the codic^ region of 
the erythromycin resistance gene, to cnaxaic proper transcription and translation 
initiation. At the 3' end Xb^^l and Xhol sites were provided (for instsrtion of the cob A 
gene in a later stage), a tenninator seqwnoc as present downstream from the 
erythromycin rcsistemcc gene, and an AIwNl site, 
1 0 The PGR product was digested by AlyutU. and ligatcd to pBRESP36B2, partially 

digested with ^/wNI. Of the two AIwNl sites present in pBRESP36B2, only the one 
present m the p545 specific part of the vector will accommodate the j6ragflient R 
^id/i transfonnmts were obtained hBr1x>riag tbe expected 

pBRES36pEt- This vector was used for fttrthOT constructions as described below, 
15 The coding sequence of co&A, the gene encoding moporphyrinogen In 

mcthyltraosferase, was generated by PGR from Propionibacterium Jrendenreichii 
strain ATCC6207, ushig the foDowing primers (SEQ, DO. NOs 1 0 and X I ): 
forward: (5'- 3*) 

CTAGTCTAGACACCGATGAGGAAACCCOATGA 
20 reverse: (5'- SO 

CCCAAGCTTCTCGAGTCAGTGGTCGCTQQGCGCGCG 

The cob A gone thus amplified eaxries an J£2>al site at the N terminal coding 
region, and /fiwdlllattdJtStoI sites at the Ctcnninal coding region. 

The functionality of this cabA gene was confirmed by cloning the PGR product 
25 as an Xbal -HindUl firagment in pUCl 8, and subsequent transfonnaoon of jE coli 
strain JMl 09. Tiansfonnants with a functional iJoZrA 

fluorescence when illiKninaied with XJV light Plasmid DNA isolated from such a 
transfonnant was digested with ASal mcLXhol^ iigaied to likewise digested 
pBRESP36B3- DNA and used for transformation of £ coli DNA front several 
30 transfoimants was analysed by restriction enzyme digestion and gel electrophoresis. 
Transfonnants were found 10 tjear the correct insert in the expression vector. This 
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new vector was named pBRES36COB. This vector was subsequently transferred to 
P. freudenreichii ATCC6207 following the protocol described before. Ten of the 
transfonnants obtained were analysed and w<^e found to harbor the pBRES36COB 
vector, which was again indistinguishable from the original vector used for 
5 transformation, as shown by analysis of the restriction enzynxe digests. In these ten 
transfotmants the level of vitacMn "Q^ synthesis was determined as follows. 

Frozen cultures of Fropipmbacferium iransfonnants 1 through 10, as well as a 
control strain containing only the vector plasmid pBRESPSeB^, were inoculated in 
100 ml flasks containing 50 ml of BHI (Brain Heart Infiision) medium (Difco) and 

10 incubaxed for 72 hrs at 28**C without shaking. From this precuiture 4 ml were 

transferred to 200 ml of production medium consisting of Difco yeast extract 15 g/1, 
Naiactate 30 g/l> KH2PO4 OJg/l, MnSO^ 0,01 g/1, and C0CI2 0.005 g/1 in a 300 mi 
shake flask and incubated at 2S**C for 56 his without shaking, followed by 48 hrs in a 
New BniEUJwick roiary shaker at 200 ipm, 

1 5 Vitamin B titres were measured xistng a known HPLC method*. Nine out of 1 0 

transformaats showed an approx- 25% higher vitamin B*^ production than the 
control strain. 



EXAMPLE 6 
gt^il itv of the plasmids 

20 All three shuttle vectors pBRESP36A, pBRESP36Bl, and pBRESP36B2 were 

stably maintained over 30 generations of cutturing of the respective transfoimants: 
no loss of erythroxnycin resistance was observed as detennizied by viability counts on 
selective (erythromycin containing) and non-selective agar plates. The structural 
stability of the plasnud in the transformant population after 30 generations was 

25 • estabUshed by plasrnidDNA isolation and characterisation by resiiictionenz^ 
mapping as described above: only restriction fragments sindlar to those of the 
authentic plasnud wiexe observed. 
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Database s equence hoTTiQ^nfyy analysis for predicted polypeptide encoded bv the fi j-j^i 
open reading frame fSEO.ID. No. ;Z> 

MDSFETLFPESWLPRKPLASAEKSGAYRHVTRQRALELPYIEA^ 
5 ITDRDASDADWAADLAGIJPSPSYVSMNRVTTTGHrVYALKW 

RPINLLARVEQGLCDVLGGDASYGHiaTKNPLSTAHATLWGPADALY^ 

LAHTLDEIHALPEAGNFRRNVTRSTVGRNVT1.FDTT^^ 

PVAEWEHTVFEHIHLLNETIIAD 

The above 227 amino acid sequence (ORFl) was aligned and compared with 
1 0 scvcEial other protein sequences (target NBRF-PIR, release PIR R52.0 March 1997, 
cut-off 45, KTUP:2). 

With a protein from Mycobacterium f&rtuitum plasmid pAL 5,000 (JS0052) a 
match of 37.1% was found over 194 amino acids (INm 67,292). With aprotein 
from Corymbacterium gluramicum (S32701) a match 32.0% over 125 amino acids 
1 5 was foimd (INIT 125, 1 16), A mateh of 29,9% over 221 amino acids (INIT 86, 259) 
was found with the ColE2 protein from K coli (S04455). Precisely the same match 
over the same nijmber of amino acidg was found for the ColE3 protCTi, 
£ coli (S04456), 

EXAMPPgg 

20 Databa:5c sequence homology anaivsis for p redicted polypeptide encoded bv the 
second reading &amc fSEO.ID. Ko. 3) 

MTTRERLPRN GYSIAAAAKKL LGVSESTVKR WTSEPREEFV ARVAARHAHI 
RELRSEGQSM RAIAAEVGVS VGTVHYALNK NRTDA 



25 



The second protein (0RF2) was also aligned and compared with another protein, 
using the same parameters and software as described for Example 7, This sequence 

however is only 85 amino acids in length. 
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The 0RF2 sequence was compared with a protein from Mycabacterium 
fortnitwn CS32702) and a S3 xaatcli over 75 amino acids was forad (INIT 207, 
207). 



EXAMPLE 9 
5 Functional analvgjis of plasmid pS4S 

lu order to improve the vector system further, the plasmid functioas essential for 
replication aad stability were delineated more precisely through deletion of large 
regioris of the origizial plasmid p545. The result, a smaller cloning vector, will allow 
the use of the p543 based vector system, for cloning larger DNA fragments. 
1 0 To this end vector pBRESP36A (Figure 2) was digested \with Sstn and BcH^ 

resulting in a 1.7 kb and a 6.5 kb fragment The 1.7 kb fragment, in &ct the 1.6 kb 
^/wNI - BcR fragment of plasmid p545, was rephxccd by a synthetic duplex DNA, 
composed of SEQ- ID. No. 12 and SEQ, ID, No, 15 with &fll and Sell compatible 
ends and a number of unique restriction enzyme recognition sites. 

15 SEQ. ID. No, 12 5' GGAGATCTAGATCGATATCTCGAG 3' 

SEQ.ID.No. 13 5' GATCCTCGAGATATCGATCTAGATCTCCQC 3' 



The following restriction ca^yme recognition Sites were supplied in this way: 
SstJl (restored), BsEl, Xbal, C/al, EcdBN^Xhol^ {BcIL b not restored). The 

20 ligation mixture was transferred to E. colU and transfonnants wesre selected 

containing a vector of the expected composition- The vector vvas named pBRESAAS- 
B. Subsequent successful transfonn£ition of/*, freiidenreichii strain ATCC6207 with 
this vector indicated that the 1 .6 kb region between j4JwNI and BcH in p545 is not 
essential for replication of the plasmid* 

25 A further deletion was made by removal of the 240 bp correspondLog to th© 

region between SaR and BcIL in plasmid p54S. This was achieved by digesaon Of 
pBRESAAS-B with Sail - Ssth and 5jrxl -Xkol respec^vely, and isolation of the 1,3 
kb Saa - Sstl fragment, and the 6.6 kb SsfL - Xhol fragment The fragments were 
ligated, and the ligation mixture was transfexred to P. fieudenreichii ATCC6207, 

30 yielding numerous transfrirmants. The newly derived construct, named 
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pBRESAAS-S, yvas isolated and its structure confemed by restriction enzyme 
mapping. 

Thtjs all essential infoimation for replication of plasmid p545 is located on a 
fragment of 1-7 kb delimited by the restriction sites Sail and Al\uM and 
encompassing the predicted replication proteins encoded by ORFI and 0RF2, and 
that 1-8 kb can be deleted without obviously disturbing replication or stability of The 
plasmid. 

EXAMPLE 10 

R;!(pressin n nf a chlofamtahepi col rggistance gene from Corvnebactsrium. 

A chloramphenicol resistance gene (cm[) jBrom Corymbacterium^^ has been 
identified as encoding a chloramphenicol export protean* This gene was inserted in 
the Propiombacterium - R coli shuttle vector pBRESP36B2, This vector was 
digested with BgUl and HindBl, and with BglH and Hpal respectively. The 2,9 kb 
BglR - ii&jdin and 5^ kb BgUl - Hpal fiagmente were isolated. 

Tlie fiagmcnt containing the cml gene, including its own promoter, was obtained 
by digestion with Fvull and HindUl^ and the 3.3 kb fragment containing the gene 
was isolated. The two vector-specific fragments and the cm! fragment were ligsted: 
PviM and Hpal ends are blunt, thus insertiing the end gene as well as restoring the 
emE geai© of the parent vector. The ligation mixture was transferred to £ cohy oxid a 
transfojxnant was selected^ in which the vector contained the correct cml insert. The 
vector was named pBRESBCM. 

Transfonnation of P. freudenreickii ATCC6207 with this vector, and selection 
on plates containing lOng/ml crythron^ycin, or 5jig/ml chloramphenicol, yielded 
ctytbromyein and chloramphenicol resistant colonies, respectively, indicating that 
apart from t3bie erythromycin resistance gene (shown earlier with the 
Propionibacteritm - JS. coU sfaitde vectors), also the chloramphteuool resistance 
gene is expressed in Propionibacterium, Transfoxmanta could be cuiuvaifid in liquid 
medium containing up to 20 ug/ml chloramphcnicoL 
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KXA^fPLEn 

Expression of lipase (g'ehA) gene fron; P acnpx 

To illuswate eflacient cloning aaad expression of an extraccUuIzjr protcra using 
the present vector system, a lipase gene gehA from P. acnes was used^^. Vector 
5 pUL6001.harboiirmg^e/i4on.aJt7;<3lftagment,wa^ 

2.75 kb fragnient containing the gezie was isolated. Vector pBRESAAS-B (from 
Example 9) was linearized byXhol^ and the ends dephosphorylated using Calf 
Intestine Phosphatase to avoid self ligation. Liacarized vector and the geAA 
containing fragment were ligated and the ligation xnixture was transferred to JSi colt 

1 0 Transforxnants were analysed by restriction enzyme analysis for the presence of the 
correct recombinant plasmid, named pBRES AUP. This piasmid was subsequently 
traxxsferrcd to P. freudenreiehii strain ATCC6207. Transformants were screened fox 
the expression of fbe lipase gene* using agar plates containing tributyiin as the 
indicator for increased lipase eKpression. P, freudenreichii transformants harbouring 

15 pBRESALiP showed significantly increased halo sizes in tills assay as compared to 
umrausformed strains or straios transformed with the parent vector* 
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SUMMARY 9F SEQTJiyMf^S 

L DNA sequence of plasmid LMG 16545 (CBS 101022), 3,6 kb. 

2, amino acid of protein of ORFl (303 residuifts, bases 273-1 1 84), 

3. amino acid of protein of ORF2 (85 residues, bases 1181-1438), 
4-13, DNA primers/oligonuccatidcs 
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L A polynucleotide comprising a sequence capaide of hybridising 
selectively co 

(a) SEQ ED NO: 1 or the complement thereof; 
5 (P) ^ sequence troxxx the 3.6 kb plasmid of Propionibacteritmjrsudenreichii 

CBS 101022; 

(c) a sequence from the 3.6 kb plasmid of Propimibaaerium frmdenreichii 
CBS 101023; or 

(d) a sequence that encodes a polypeptide which comprises a SEQ. ID, No. 2 
10 or 3, an amino acid sequcucc substajjtially homologous thereto or a ftagment 

of either sequence. 

2. A polynucleotide which is an autonomously replicating plasmid that can 
remain cxtrachromosoroal imide a host cell, which plasmid is derived from an 
emiogenous Propionibacterium plasmid, and when comprising a heterologous gene 

15 is capable of cxprcssmg that gtm inside the host cell, 

3. A polynucleotide according to claim 1 which is autonomously replicating 
in a host cclL 

4. A polynucleotide according to claim 3 in which the host cell is a 
Propionibacterium. 

20 5. A polynucleotide according to claim 4 in wMch the iVopto/u&acf 

PropionibactenimJreudenreichiL 
-i^^d, A polynudeotide according to any one of the preceding claims which is 
* capable of selectively hybridising to one or more 5cqucnce(s) in SEQ ID No:l 
which is (or are) necessary for autonomous replication in a Propionibacterium, 
25 7, A polynucleotide according to clann 1 which comprises either the 1-7 to 

firagmcnt of SEQ, ID. No. 1 delineated by restriction sites Son and ^AvNI or 
nucleotides 1 to 1750 of SEQ, ID. No. 1. 

8. A vector which comprises a polynucleotide according to any one of the 
preceding claims. 
30 9. A vector according to claim S which is a plasmid. 

10. A vector according to claim 8 or 9 which additionally comprises a 
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selectable marker. 

>^ 11. A vector according to any one of claims 8 to 10 which is autonomously 
replicating in E. colL 

'y-^ 12. A vector according to any one of claims 8 lo 11 which is an expression 
5 vector. 

13 . A vector according ro claim 12 which comprises an endogenous gene of a 
Propiojiitiacteriiim or a heterologous gene operatively linked to a control sequence 
which is capable of providing for expression of the gene. 

14. A vector accQxding to claim 13 in which the gene is The cob A gene. 

10 15. A vector according TO claim 13 in which the heterologous gene encodes a 

polypeptide which is therapeutic in a human or animaL 

16. A polypeptide which comprises the sequence SEQ ED No; 2 or 3 or a 
sequence substantially homologous thereto, or a fragment of either said sequence, 
or is racoded by a poiyiiucleoude as defined in any of claimg 1 to 7, 

17. A &0SI eell comprising a heterogejieous polynucleotide or vector , 
according to any one of claims 1 to 15 or Which can heen transformed or 
iransfccied with a vector according to any one of claims 13 to 15. 

18. A host ceU according to claim 17 which is a bacierimn. 

19. A host cell according to claim IS which is a Prcpionibacterimn or 
20 jE', coll. 

^ process for producioig a host cell according to any one of claims 17 to 
19 comprising transforming or transfecting a host cell with a polynucleotide or 
vector according to any one of claims 1 to 15. 

21. A process for the preparation of a polypeptide, or other compound, the 
25 process comprising coltiYatiAg: or fennenttag a host ceU as defined in any one of 

claims 17 to 19 under conditions that allow expression or production of the 
polypeptide or compound. 

22. A process according to claim 21 which is a fermentation process whwin 
the host cell is cultured in aerobic or anaerobic conditiom. 
;::^23 . A process according to claim 21 or 22 in which the expressed 
polypeptide or produced compound is recovered from the host CCU. 

24, A process according to claim 23 wherein the polypeptide is a protease, 
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amylase, lipase or peptidase or the compouBd is vitaniin Bu- 

25 . A process according to any one of claims 21 to 24 where the polypeptide 
is secreted jBrom the host cell. 

26. A process according to claim 25 in which the polypeptide is expressed on 
5 the surface of the host ceil aud/ot the polypeptide is an antigen or imimnogen. 

27. A polypeptide or compound prepared by a process according to any one 
of claims 20 to 25. 

""i^^ 28, A process fox the production Of vitamin B^j (cobalamin), the process 
comprising culturiag a host cell accordij^g to any one of claims 17 to 19 under 
10 conditions in which the vitamin is produced and, if necessary, isolating the 
viiaxnin. 

29, Vitamhi produced by a process according to claim 28, 

30. A polypeptide according to claim 27 for use in a method of treating the 
human or animal body by tiierapy, 

IS ^ ^^^^ according to any one of claims 17 to 19 for use in a method 

of treating the hunian or animal body by therapy or for in an animal feed. 
^ 32. Use of a host ceU according to any one of claims 17 to 19 or a 
polypeptide or compound according to claim 27 to either make cheese or for use in 
cheesemaking- 

20 33. Usie of a host cell according to any one of the claims 17 to 19 or a 

polypeptide or compound according to claim 27, hi the manufacture of a foodstuff 
or in an animal feed. 

\^ 34, A foodstuff comprising a polypeptide or con^Jound according to claim 27 
or a host cell according to any of claims 17 to 19. 
25 35. A foodstufip according to claim 34 for consumption by humans (e.g. a 

cheese, sausage) or by an animal. 

36. A process for manufacturing cheese or other fermented daiiy product the 
process compriBix]^ using a host cell according to any of claims 17 to 19* 

37. A process according to claini 36 wherein the host cell is used instead of 
30 or in addition to lactic acid bacteria. 

38. A process accordmg to claim 36 or 37 wherein the host cell is a 



Propionibacterium cell. 
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Case No.: MBHBOO-1314 

DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 
the invention entitled: 

PROPIONIBACTERITJM VECTORS 

the specification of which is attached hereto unless the following space is checked: 

Q S was filed on December 22. 2000 as United States AppHcation Serial ISumber . 

^[ I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 

y I acknowledge the duty to disclose mformation which is material to patentability as defined in 37 CFR § 1 .56. 

Cy I hereby claim foreign priority benefits under 35 U.S.C. § 1 19(a)-(d) or § 365(b) of any foreign application(s) for 
LJ patent or inventor's certificate, or § 365(a) of any PCX international application which designated at least one 

country other than the United States, listed below and have also identified below, by checkmg the box, any foreign 
p application for patent or inventor's certificate, or PCT mtemational application having a filing date before that of the 

application on which priority is claimed. 

: 2 Prior Foreign Application(s): 

z: Number Countrv Dav/MonthA"ear Filed 

U 1. 98305033.7 EP 25 June 1998 

H 2. EP99/04416 PCT 25 June 1999 



I hereby claim the benefit under 35 U.S.C. § 1 19(e) of any United States provisional appUcation(s) listed below: 
Application Nmnber Filing Date 

1. 
2. 

I hereby claim the benefit under 35 U.S.C. § 120 of any United States appUcation(s), or § 365(c) of any PCT 
international application designating the United States, listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United States or PCT international apphcation in the manner 
provided by the first paragraph of 35 U.S.C. § 1 12, 1 acknowledge the duty to disclose information which is material 
to patentability as defined in 37 C.F.R. § 1.56 which became available between the filing date of tiie prior 
application and the national or PCT intemational filing date of this application. 

A-pplication Number Filing Date Status: patented, p endin g, abandoned 

1. 
2. 

I hereby appoint the practitioners associated with the Customer Number provided below to prosecute this 
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application and to transact all business in the Patent and Trademark Office connected therewith, and I direct that all 
correspondence be addressed to that Customer Number. 

Customer Number: ji20306 

Principal attorney or agmF Turt J. Whitenack 

Telephone number: 312-913-0001 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of tbe 
application or any patent issued thereon. 



Full name of first inventor: 



Pieter Hendrik Pouwels 




Inventor's signature: | II t^^"^ ^ Date: af"kl7fy>^ 

Residence: Rijswijk, T^t|iferlands ~OiT^ 

Citizenship: The Netherlands ^ 

Post Office Address: Delfweg 14, NL-2289 AJ Rijswijk, The Netherlands /// ^y^C^ 



M Full name of second inventor: Nicole Van Luijk 



Inventor's signature: 



^ iy \ Residence: Utrecht, Netherlands 
/ ^aJ Citizenship: The Netherlands 
™ Post Office Address: Wa^enii 



Date: 



p Post Office Address: Wageningseberg 34, NL-3524 LR Utrechj^ Netherlands /^S^^.^ 



Full name of third inventor: 



i \ Inventor's signature: 



Johannes P. M. Jore 




Date: g|\/lQc>-l 



Residence: Gouda, Netherlands 
Citizenship: The Netherlands 
Post Office Address: Waterruit 9, NL-2804 PAGeyda.3Iefherlands /J^^ 



Full name of fourth iuventor 



Inventor's signature: 



,uiten 




Date: gj^^^ /lOOt 



Residence: Leiden, Netherlan^ 
Citizenship: The Netherlands y x' 

Post Office Address: Akkerhoombloem 26, NL-23 1 7 KR LeidenJS^etherlands 



-2 



MCDONNELL BOEHNEN 
HULBERT i BERGHOFF 
300 SOUTH WACKER DRIVE 
CHICAGO, ILLINOIS 60606 
TELEPHONE {312) 913-0001 



09/72058 



526Rec'dPCT/PT0 22DEC20DO 

WO 99/67356 PCT/EP99/04416 



(1} QENSJIM* I2!fPOIiMATION': 

(A> JlAMEs Giat -brocades S.V, 
5 (B) STRSaT: Water ingocvtsg X 

(C) CITY: Delft 

(EJ COUNTRY; The SST^tharlandB 
{F} POSTAL CODE (ZIP) f 2511 XT 

(xi) TITIiE OF INVENTIOISr: PropionitoaGrajfiiun Vacstor 

10 (iii) NUMBER O? SEQDE»CESj 13 

(iv) COMPOTSR JIBADABI.5 POItOT: 

(A) MHDI13M TYPBr Floppy disK: 
{B} COMPOTBR: IBM PC compatiible 
15 iC) OPBRATIKQ SYSTEM: PC-D0S/M5-TOS 

in] SOFTWARE: PaCentXn Release #1.0. Version #1-25 (EPO) 

(2) i^jpoRmTiarr for seq ib itoi i: 

(2^) liElJOTO: 35S5 base paxra 
20 (B) rSTPB: nucleic acid 

{C} STRAMDEDHE6S : double 

(D) TOPOliOGY: cls-cTilar 

{ii^ MOliSCOLE ^TyPB: DMJl {gcnotnic) 
filil HYPOTSCETICAt.: NO 
25 (iii) AC3TI-SENSE: NO 

(vi) ORIGmaL SOtJRCE: 

(A) OKSAS^SM: Propionils^cteritiBi £afwdenrfti«=rhii 

(C) INDIVIDI3AI, ISOLATES CHS1D1022 LMCil4;545 

30 (A) NWce/kSY: CDS 

(B) LOCATIQK; 273 -,1184 

(D) OTHER IOTOJWATIOHj >'gcne== "ORFX" 

(IX) FEATURBr 

(A) OTME/KEYi CDS 
35 <B) lOCATIOW: 1181.. 1438 

iT» OTHER lasiTOSlMATIOII; /gen-»= "ORPS" 



SBQtJEJTCE DBSCSIPTION : SEQ IP KOt It 



GTCGACCCTG ACAQCCGGCO AGCASTTCftG GCGAAQATCC3 CACAGCTGCGt CQftqaAAcyA 
60 
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(SCCaCAATtSC CQGAACacOG CCCAeCCOTC CCTXeaaQCA GGXGGCAQCG TCAGSaCAGT 
CGG0(5GATGT TTGGCACCK3<? ATCTCGAAM ACSAGTTCGCT XTQCTCACAT GQCTCZUVCCG 

lao 

5 GGTAACn:;?W\C TGATATQGGG TCTTCGTCCSG CCACTTTGAA -CACQCCGAGQ AATQiSACCAC 
240 

OCTQAACSTG ACTCGCATGC TTCACTGCAT GT ATG OAT TCG TTC G&G ACG ITTG 
293 

Met Asp Ser PJfcie Qlu Tiir Leu 
10 ^ .1 5 

TTC CCT GAG AGC TCC CTQ CCA CGC AAG CC<5 CTG GC^ TCA GCC GAfi AAG 

PJbie Pro Glu Sar Trp I,«u Sro* Arg Lyo Pro Le-u Ala Ser Ala Glu Lys 
10 XS 30 

15 TCT GGG GCG TAC CGG CAC GTG ACT CC3G CA£5 AGG GCG CTG GAG CTG CCT 

Sax Gly Ala Tyr Arg ^is vai Thr Aig Gin Arg Ala Xiau Glu Leu Pro 

2S 3Q 3S 

TAG ATC GAA SCO AAC CCG TTt3 GTC ATG CAG TCC TOG OTC ATC ACC GAff 
20 43 7 

Tyaf lie Glu Ala Aan Pro Leu Val Met Gin Ser l^eu Val Ila Thr Asp 
AO 4S 50 55 

CGA GAT GCT TCO GAT OCT GAO TGG GCC GCA GAG CTC GCT GGG CTG CCT 
465 

25 Arg asp Ala ser Aap Ma. Asip Trp Ala Ala Asp Leu Ala Gly Leu Pro 

60 €B 70 

TCA CCG TCC TAC GTG TCC AXG AAC CGT GTC ACG ACC ACC GCA CAC ATC 

533 

Ser Pro Ser Tyr Val Ser Met Asa Argr Val Thr Thr Thr Gly ll© 
30 75 80 85 

GTC TAT GCC TTG AAC AAC CCT GTG TGT CTG ACC GAT GCC GCG CGG COA 
SBX 

Val Tyr Ala Leu Ly« Asn Par^ Val Cya Leu Thr A«p Ala Ala Arg Arg 
90 9s xoo 

35 CSS CCT ATC AAG CTG CTC GCC CGC GTC GAG CAG GGC CTA TQC GAC 6TT 

Airg- Paro xa« Afitti Lcu Lcu Ala Axg Val Glu Gin Gly Lsu Cys Asp Vai 
lOS lao XX5 

CTG GGC GGC GAT GCA TCC TAC ©GO CAC COG ATC ACA AAG AAC CCG CTC 
40 677 

Leu Gly Gly Asp Ala S«r Tyr Gly His Arg He Tlir Lys Asn Pro J,eu 

120 X2S 130 135 

AGC ACC see CAT GCG ACC CTG TGO GGC CCG GCA OAC GCG CTC TAC GA» 
725 

45 Ser Thr Ala His Ala Thr Leu Trp Cly Pro Ala 2^p Ala Lau Tyr Glu 

140 XAS ISO 
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CTG CQQ GCC qTC GOV CAC ACC CTC GAC GAG AXC CAC GCA CTG CCG OAG 
773 

Lau Ayg Ala I-^u Ala Uifl Tttr Le« Asp Gl-u lis His Ala Zie"u pro Glu 
15S IGO 163 

GCA GGG AAC CCG CCSn: CGC AAH CTC ACC CGA TCA ACG GTC GGC CGC AAC 
821 

Ala Gly Asji Pro Arg Arg Asn Val Thr Airg Ser Thr Val sly Ajcq Afifn 
170 175 ISO 

<3TC ACC CTG TTC ACC ACC CGC ATG XGG GCA TAC CCSCS GCC GTC CGG 

B69 

val Thr liCu Phc Aap Thr Tlax Arg Mec Trp Ala Tyr Arg Ala Val Arg 
185 X$Q 195 

CAC TCC TGG GGC GGC CCC3 CTC GCC GAA TGG GAG CAC ACC GTA TXC GAG 
917 

His Ser Trp Gly Gly Pans Val iU.* Glu ^rp Qlia His Thr Val Phe GlU 
200 20S 210 2X5 

CAC ATC CAC CTA CTG AAC GAG ACG ATC ATJC GCC CAC GAA TTC OCC ACA 

His lie His X^u lieu AStl Gill Tbx XI a lie Ala A35p Glu Ala Thx 

Z2Q 225 23Q 

GGC dec CTC GGC TTG AA.C GAA CXT AAG CAC TTA TCT CGA TCC ATT TCC 
0.013 

Gly Pro t*eu Gly l*eu Aan Glu lieu l^yo Leu Ser Arg Sar lie Sar 

235 240 245 

CGA TGG GTC TGG CGC AAC TTC ACC CGC C3AA ACC TTC CGC GCA CGC CAG 
1061 

Ars Trp Val Trp Arg Asn Plie Thar Pro Glu Thar rhe Arg- Ala Argr filn 
250 2SS 26Q 

AAA 0CG axe AGC CTC CGT GGA GCA TCC AAA GGC GGC AAA GAA CCC GGC 
1103 

r,yo Ala Iltii Soar I*«fu, Aar^ Sly Ala Ser uya 5iy Gly liys Glu Gly Gly 

265 270 27S 

CAC AAA GOC GGC ATT GCC AST GGC QCA TCA CGG CGC GCC CAT ACC CGT 
1157 

Hia Lys Gly Gly Il« Ala Sar Gly Ala Sex ftrcf Aarg Ala Ttir arg- 
2dQ 285 290 2d5 

CAA CAG TTC TTG GAG QGT CTC TCA TGACCACACG TGAACOtcTC CCCCC3CAACX3 
1211 

©In Gin. Pile t*ou Glu Gly Leu Sar 
300 

Gd^lACACCAT CQCCGCTGCT GCGAAAAAGC TCGQT5TCTC CGAGTCCACC GTCAAGCGGT 

GGACTTCCGA GCCACSCOAG GAGTTCGTGQ CCCGCGTTGC CGCACGCCAC GCGCGGATTC 
1331 

GTGAJGCTCCG CTCGGAGOGT cagaggatgc CTGCGATTGC TSCCQAGGTC ggggtttccg 
1391 
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TGGGC&CCCT CCACTACGCG CTGAACJVAGA ATCGAACTGA CdC2lTG3U2Ca TiiACGCCGCA 
1451 

CGATGA.GCAT TTTCTOGJXTC CTGCACCQCT TGOCACTACG TTCGCGTGCG GTTGCACAGT 
1511 

C3CQCQCCACG TTCTTATCCT GCGGCCATTQ TQGCTACAGC CAATGGQGGG CATCAfiCAAC 
1571 

GGACGTTGAA CCCGGTSQGC AAGTGTTACT CAGGQGGACA TQCCCAGTCT QCQGCGCTCG 

0ATTGACGGT ATtStSCAGTCG TGCATGCGQC CCCACCGTCA AACTCATTCA GGTATCAGTG 
1691 

AGAACCCTCA TGGCACCCCC TCQTGACACG TTCTCGTrSC GATCAGCTGC TCTQCG'TQCQ 
1751 

GGCGTGAGCG TTTCTACC3CT GCGCCGGAGG AAATCA0AQC TTGA.GQCXGC CGGAGC6ACG 
1511 

GTAGACCCGT CCGCTTGGQT GGTQCCACTG C6TGCACTCA AGGTCGTTTT TGGGGTGTCA 
1S71 

QATOAGACCT CG2^TG03CC CGQTCATtSAC GCTC31AGTTJV3 TGGCGCAGCT eCQCTCTGAG 
1531 

AACGAOTTTT TACGGCGTCA GGTCCSAGCAG' CAGGCGCGCA CGATCGAACG GCAGGCTGAO 

QCACJVCGCGG TGGTCTCAGC CCASCTCACA CSQQTTGGCC AECTTGAGQC CGSdGACGCA 
2051 

QCAGCACCSA CAiCTGGCACC CGTTOAAASG CCCOCTCCQC GACOGCGGTQ GTGGCAGCGT 
2111 

CGOTACCGGT CAJSGATCQCT CTGGCGTGAC GAGTGTGTCT GGGAGTCCGA ACAGTTGCTC 
2171 

GACCACTGGC ACCAGAAGCQ AaaTCGCXGC GXGGTGCTGT TCCTCGGTCA GTTCCTCGAG 
2231 

GACTGGCGGG TCTTOCTGCa TCGAGCCGAT CGCCTCGGCG GCCAAGGTCA GTTCgftaGCT 
2291 

GTGCCAACGC ACACGCCCCT CGGCTSACAG CTCAGTCTCG AACTSTSCAA CXQGACCGGC 
33S1 

CGOAAflATGC ACQTO3CCSA QGTCGTGAQT GGCCAAGCGC ACQTCAAAQA GTQCTGCTTC 
3411 

GTAGCCGCGC AGAAATGGCA GTQCTCGGTC GATTCGGATC GGCCTGCCCA OGTAC2^a?TCC, 
2471 

GGGCCGCTTG ATGAACGCCT CCGCQTASAA GCQCACCGTT CTCGGCCCGQ CCTCGTGATC 
2531 

TGTCTUnXSTG CACGCTCCTC TCGATCCTTC TCGACGCTaC CGGAGACCAC CGACQTTCAT 
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2591 



GCCCAGCtaCA GCGTiCCTSSyi AGQACC^AGC CGAGTTASCC GTGGrAACCG TATAGGTTGC 
2651 

TCCGTCGCCT GTGAGGGCAA CC3SlCCTGCGC MCXGGTGGG CGGCAacccQ CGcacAAGCG 
2711 



CCTACCGGGT TTGaGCAGAG CCCftXAAATC iU^CGCCTCCG GTGTTGAAGC GATCGTGTGT 
2771 



CACGATTGCT ATGCTTGCTA CCCCTTCAGO GTTTTCGTAT ACACAAATCA AGTTTTTTCG 
2831 

TATACGCTAA TGCCATGAGT GAGCATCTAjC TGCAGGGCAA CCCCGTCACC AACQAOCAGA 
2831 



TTCA^GCATG GGCASACGAG GCCGAGGCCG GAXACGACCT GCCCAAACTC CCCAAGCCAO 
2551 



GQCQCGSACG CCCQCCCGXA GGAJaACGGTC CQGGCACCGT CGTACCCGT:G CGTCTCGJVjTO 
3011 

CGGCGAGCGT TOCCGCTCTC AC7W3AACGAG CAACAGCCQA SGGCATCACG AACCSXTCAG 
3071 

ACQCGATCCG AGCCGCAGTC CACGAGTGGA CACCGGTTGC CTQACCTCCa CGACTCAGCA 
1131 



CQCAAGCaCT ACCAACC3AGA CCOGCTCGAC GACACGGCCG TGCTCTACOC GCCCACCCAC 
3191 



GTTCTCAACT CCCGGCCACT CGACGACGAA GACGACCCGC GCCGCTGGCT CATGATCGdA 
32S1 



ACCGACCCAG Ga^CCCCGCCT ACTCGAACTC GTCGCACTQa TCTACClaCGA CGGCTACGAA 
3311 

CTOATCATCC ACGCAATGAA AGCCCQCACC CAATACCTCG ACCASCTCTA ACCAAGAAAC3 
3371 

GAACCTGATG AGCSACCAGC TAGACAGCGA CCOCAACTAC OACCCGATOA TCTTCSACGT 
3431 



GATGCGCGAS ACCQCGAACC GCSTCGTCGC CAOSTACGnCT GCATGGGAAG ATGAAGCCGC 
3-4S1 



TGATCCCGGG GAGSCTGCGC ACTGGCAGGC CQAGCGATTC CGCACCCQGC AOflAGGTGCG 
3551 



CGCC 



(2) HfFOSMATIOW FOR SBQ ID KO; 2; 



(i) SBQOEWCE CaARACTERXSTICS : 
(A) IiENGTH: 303 amino acids 
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(B). TYPS; amino Mid 
iV) TOPOLOGY: linaaar 

(ii) MOLECULE TTPE: protein 

(xi) SEOtmnCE DESCRIPTION r SSQ lU iCiO: 2: 

Met Asp Ser Phe Glu Thr Leu Phe Pro Glu Sar Txp Leu Pro Arg Lya 
IS zo 15 

Pro Leu Ala Ser Ala Glu Lye s^r Gly Ala Tyr jvrg Hla Val Tlur Arg 
20 25 30 

Gin Arg Ala Leu Glu Leu Pro Tyr lie Glu Ala Asn Pro Leu val Mat 

35 '10 45 

Gin Ser Leu val He Tlir Asp Ang Asp aIa s^x Asp Ala, Asp Txp Ala 

so 55 

Ala Asp ueu Ala Qly Leu Pro Ser Pro Ser Tyr Val Ser Met Aan Arg 
S5 70 75 80 

Va.1 a?hi: Thr Tto Qly His lie Val Tyr Ala Leu i.ys Asn Pro Val Cys 
95 50 95 

Lau Thr A^p Ala AIa Ar-g Aarg Arg P^ro lie Aan Leu Leu Ala Axg Val 
100 3.0S 1X0 

Glu Gin Gly Leu tye Asp Val Leu Oly Gly Asp Ala Ser ^?yr Gly His 
iX5 120 las 

Arg lie Thr Lyrs Asra Pro Leu ser Xtix Ala His Ala Thx Leu Trp Gly 
130 13S 140 

Pro Ala Asp AXa Leu Tyr Glu Leu Arg Ala Leu Ala Hi^ Thr Leu Aap 
14S 150 155 160 

Glu He His AlA Leu Pita Clii Ala Gly Asa Piro Acg Ar^ Asn val I3rr 
165 X70 17S 

Arg ser Thr val Gly Arg Aau Val Thr Leu Phe Asp Thr Thr Arg Met 

180 185 190 

Trp Ala Tyr Arg Ala val Arg His Ser Trp Gly Gly Pare val Ala Glu 
Ids 200 20S 

TTxp Glu Kia Thz* Val Phc Qlu Kia lie ais Lau Leu Asn Glu Thr II© 
2X0 21S 2ao 

XI e Ala Aerp GXu PHe Ala Thr Gly Pro Leu Gly t*eu Asn Glu Leu Lye 
225 7^10 235 240 

His Leu ser Arg Ser lie Ser Arg Trp vaI Trp Arg Asn Phe Thr Pro 
245 250 255 

Glu Thr Phe Arg Ala Arg Gin Lye Ala He S«ir L^^u Arg Gly Al^a s«ir 
250 255 :270 
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Lys (Sly Gly tyya Glii Gly Gly His Lys <3ly Gly il« Ala s«r Gly Ala 
275 230 285 

Ser Arg Arg Ala His Thr Arg Gin Gin Phe Leu Glu Gly Leu s«r 

29S 300 



(2) INFOiyyiATION FOR SEQ ID NO: 3; 

CI J SEQUENCE CESJRACTKRISTICS s 

(A) LENGTH; 85 annino jacids 

(B) TrpB; amino acid 
W) TOPOnotaY: linear 

(iij MOLECT3LS TTfPE; protein 



(xi) SEQtTBKCS DESCRIPTIOW; SEQ ID NO: 3; 

Met Thr Thx Axg Qlu Arg Leu S^ro Aacg Asn Gly Tyr Ser lie Ala Al 
1 5 10 



a 



Ala Ala Lys Lys teu Gly VaI Ser Clu Ser TJaar Val liy© Arg Trp T^ir 
20 3S 30 

Ser Qlu Pro Arg Glu Qlu Phe Val Ala Arg Val jMa Al* Arg Hiij Ala 

35 40 ^5 

Aafgr II* Arg Glu Lcii Argr Ser Glu C3ly Gin Ser Met Arg AIa Jla AXa 
50 55 60 

Ala Glu Val Gly Val Sar Val Gly Thr Val Hia Tyr Ala Lau Asn Ly« 

70 75 .30 

Asn Argr Thr Asp Ala 
85 

(2) UJFORMATIQN PQR S£q ID 1J0» 4: 

(13 SBQX3EKCE CKARACXERISTXCS : 
(A) JLEKGTHs 53 base pairs 
{£) TYPBfi auclttic acid 

(C) STaawDBDNESS 5 single 

(D) TOPOI.OGY: liaai^r 

til) MOIiECaXJB TYPR: DKH (ayathetic) 



SBQUEaffCB DBSCRXPTIOJI: SEQ ID MOt 4« 

AATTCAAGCT TGTCGACGTT AACCTQCASG CATGCGGATC CGGTACCC3AT ATGAGATCT 
59 

(2) INFORMATION FOR SEQ ID NOi 5: 
(i) SEQUENCE CHARACTERISTICS; 
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(A) . IiSKGTH: 53 base paixa 
(fi) TYPE: nucleic acid 
(c) STRANDBDHSSS : single 
(I?) TOPOIiOOY: linear 

(ii) MOIiKCUUa TVPB; DMA (synthetic) 



(xi) SEQDKSrCK DESCRIPTIONS SEQ ID NO: 5^ 

CCGAAGATCT C3tATATG6GTA CCGOaTCCGC ATGCCTGcac GTTAACGTCQ ACAAQCTTG 
59 

(2) nffFORMATlON* TOR SEQ ID KOi 6; 

Ci) SEQT7ENC5 CHARACTSRI5TICS : 
Ca) 3UBNGTK: 24 base pairs 
(BJ TVFE: nucleic acid 

(C) STRAiaDEDNBSS : single 

(D) TOPOLOCf^T; lirteos- 

(ii) MOLKCUI^ TYPEi DNA (synthetic} 



fxi) SJSOTENCE DESCKXPTXCror: SEQ ID MO: 5t 

QTACCGGC03 CTCCQGCCAA C3CTT 

2* ■ 

(2) INFORMATION FOR SEQ lO NO: 7: 

(A) USSIGTH: 24 had& paira 

£B> TYPE: nuclaic aoid 

(C) StIPSiASrDSDKESS r 

(D) TOPOX^OGYr linear 

(il) MOIiKCOtiB TYPE: JQHA Cflyjatlxetlc) 



<xi) SEQtrBNCE DESCRTFTIOHr : SEQ ID NO: 7: 

OATCAAGCTT GGCCGCAOCC GCCG 
24 

(23 INFORMATION FOR SEQ ID NO: 8: 

(1) 5SQUENCE QjaJlACTlERISTICS : 
<A) liiESWGTH: 35 Daae pairs 

(B) TypB: nucleic acm 

(C) STRAWDEra^ESS: flingla 
(13) TOPQIiOGY; linear 

(ii) MOUSCOLE T^Bs DHA (ay^tliBtic) 
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(Xij SHQOSNCE DESCRIPTIOJT: SEQ XD NO; 8: 
AAACTC3GAGG TGGTGGGTTO CGCGCOATGC X^GTC 

(2) INFORMATION FOR SKQ NO; S; 

(i) SEQUENCE CTUiACTgHISTICS : 
(a) LENGTH: 76 base psiixs 

(B) TTPB: nucleic acid 

(C) STRAWDEDNEfiS ; sing-le 
(Dj to^oIjogt: linaar 



(xi) SEpCnCMCK OTSGRIPTIOW: SEQ ID NO: 3; 

AAACTGCaX3C AGCTGGOCAG GCCt^GGAC CCCCTGCCCT CGAGCTCGTC TAGAATCTGC 
60 

TGCCGATCCT QQTTGC 

<2) INFORMATTOU- FOR SSQ JJO; XD: 

(1) SEQUEMCS : 
(A) I^ENOTH: 32 bAOC pairo 

fC) STRAJstDED»ESS a single 
(P) TO3?0IUDGY. lin^x 

(ii) ptOI^COliE ryPE: DNA {synthetie) 



(xi) SEQDENCE DESCRlPTICaT: SEQ ID NOi 10 j 
CTAGTCTAGA CACCOATGAG QAAACCCOAT GA 

(2) rtJFOJRMATlON POR SEQ ID NO s XX: 

Ci) SEQUENCE CKARACTEaiSTlCS ? 
Ca) liEKOTH: 36 base pairs 

(B) rrpK: nucleic acid 

(C) S^nRAMDSDNftSS ; Single 

^D) TOPOLOGY: linear 
{il) MOiiBcuM r^TFEi PISA (syni:ixet:xc) 



(DCi) SEQUSNCS DESCRXPTION: SEQ XU NO: XI: 
CCCAAGCTTC TCC3AGTCAGT GGTCSCtgGG CGCGCG 
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12) INFORMATION FOR SSQ ID NO: 12: 

(i) SEQIIENCE CHSISACTERISTICS ; 

(A) liBNGTH,- 24 base pairs 

(B) TYPE: nucleic acid 

(D) TOPOI,OG5r: iojieax 
Cii) MOLECULE TYPE: DNA (synthetic} 



(xi) SEQUHWCE DESCRIPTION; SEQ ID NO: 12: 

GcaAGATCTAOATCGATATCTCGAG 
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{2> INPOHMATION FOR SBQ ID NO: 13: 

(i} SEQUENCE CttaRACTBRISTICS ; 

(A3 LEMarCH* 3 0 base pairn 
(B) TYPE: nucleic aeid 
(CJ SXRANDjEDNESS: «iagle 
(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE; DMA (ayctthfttic) 



(aci) SEQUE»CB DESCRIPTION: SSQ ID NO; 13: 

G&.TCrCTClSAGATATCGATCTAt3Al?CTCCGC 
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